This work presents the influence of the anodizing method and parameters on the properties and microstructure of the anodic layer produced on AlSi8 and AlSi9Cu3 cast aluminium alloys, in particular the effect on size and morphology of primary Si precipitates and the homogeneity of the resulting oxide coating. For investigations there were applied light microscope techniques, moreover hardness and wear resistance was examined in order to evaluate the obtained surface quality. The microstructure of the obtained surface layer was analysed by taking into account the primary silicon precipitates. The results of the hardness and abrasive wear test also show the influence of anodizing and electrolyte parameters on the structure and properties of the tested aluminium alloys. In case of the AlSi9Cu3 alloy the obtained alumina layer is of lower thickness -13.3 µm, about 50% less compared to the AlSi8 one, however the AlSi8 layer is more homogeneous and more uniform. The results of the wear test show that both anodised alloys show ca. 35% lower mass loss compared to non-anodized alloys, so structure of the Al2O3 layer increases the abrasion resistance.
Introduction
Anodizing is an electrochemical conversion process existing since the last century. Several metals are capable of being anodized including aluminium, magnesium, titanium, and tantalum. Anodized aluminium is used in many applications due to its low cost, aesthetic qualities, and ideal mechanical properties. It is also used because of its thermal properties designed for producing of technical means of transport. This material can be coated also on other engineering materials with a possible usage of these coatings for producing of cooling cabins on vehicles allowing us to reduce fuel for maintain of given temperature. It has an important influence on transport quality and quality costs [1] [2] [3] [4] [5] [6] [7] [8] .
Unlike most protective coatings, anodizing permanently changes the outer structure of the metal. When aluminium is exposed to air it naturally develops a thin aluminium oxide film that seals the aluminium from further oxidation. The anodizing process makes the oxidized surface much thicker, up to several micrometers. The hardness of the anodized aluminium oxide coating is very hard, enhancing the abrasion resistance of the aluminium. The achieved depth of the oxide layer improves the corrosion resistance of the aluminium, while making cleaning of the surface easier. The porous nature ( Fig. 1 ) of particular types of anodizing makes it possible to dye the aluminium a variety of colours, making it more attractive [9] [10] [11] [12] [13] . * corresponding author; e-mail: krzysztof.labisz@polsl.pl For anodizing there are used different aluminium alloys, also these used in this investigations: AlSi8 and AlSi9Cu3. Higher purity alloys are always preferred for anodizing, anodize better, producing better finishes. Alloying elements such as copper or silicon do not anodize and leave microscopic voids in the aluminium oxide film. Since the anodizing process converts the aluminium to aluminium oxide to form the anodized finish, higher purity aluminium will yield a denser and harder layer of aluminium oxide. High concentrations of some alloying elements will also affect the surface finish and colour of the anodized finish and will reduce the effectiveness of the sealing process causing reduced corrosion and wear resistance and decreasing fade resistance in dyed parts [14] [15] [16] [17] [18] .
(143) Cast aluminium parts in general will not anodize as well because of their tendency toward porosity. Pores do not anodize and contribute to the same type of problem that highly alloyed aluminium parts encounter. Good high-density castings without porosity will anodize with good results. The process of electrochemical conversion of the surface of an aluminium part to aluminium oxide causes a dimensional growth of the layer during anodizing. Aluminium oxide occupies about twice the volume as that of raw aluminium, including the intermetallic phases present in the basic alloy, for this reason it is important to investigate the influence not only of the anodizing parameters but also on the alloy chemical composition and on the structure and properties of the obtained final product [19] [20] [21] [22] [23] [24] [25] .
The main goal of this work is to analyse the influence and suitability of proper chemical composition and anodizing parameters for optimal alumina layer in terms of layer homogeneity, hardness, and wear resistance.
Materials and investigation procedure

Material
Investigations were carried out on the AlSi8 an well as AlSi9Cu3 aluminium cast alloys, used for bodies and housings of diverse constructions (Fig. 2 ). For both AlSi8 as well as AlSi9Cu3 alloys the high pressure casting method was used. The chemical composition of these alloys is presented in Table I . For anodising two housing parts were selected, the AlSi9Cu3 high pressure cast alloy and AlSi8 high pressure cast alloy. Technological parameters of the anodizing process are shown in Table II . The anodised elements of the AlSi9Cu3 as well as AlSi8 high pressure alloy are showed in Fig. 2a and b.
Methods
To determine the influence of a kind of electrolyte onto homogeneity of pores in the oxides layer at the same conditions, the samples of AlSi9Cu3 alloy were put under anodic treatment in the presence of the following electrolytes: 3%
For investigations of the microstructure the following tests were carried out:
• Samples were cut on saw using the Discotom-2 saw model supplied by Struers.
• The specimens were mounted in Resin 4 using the press LaboPress-3 supplied by Struers.
• Grinding was performed on SiC paper (size 80, 120, 180, 240, 320, 400, 600) using the grinding machine model Rotor-2 supplied by Knuth.
• Polishing was performed using the polishing machine model RotoPol-31 (with RotoForce-4, Multidoser and Rotocom) all supplied by Struers. Polishing steps were according to the Metalog A Methods provide by Struers.
• The optical micrographs were obtained using a light microscope (model BX60M supplied by Olympus), equipped with digital camera. The program "anal-ySIS" was used to capture the photos.
• Wear test investigation: abrasive wear tests were performed using the tester model ABR-8251 supplied by TCD Teknologi ApS. The tests were done according to the specifications of the standard ISO 8251, as follows: load, 4.9 N (500 g); slide velocity, 40 cycles/min; abrasive wheel steps, 400 step/rotation; wear area, 12 × 30 mm 2 .
Conditions for the abrasive wear tests: humidity, 63%; temperature, 23 • C; replicates, 2.
Wear resistance is expressed in mass loss [mg] . Each sample was weighed before and after the wear test. Data presented in Table III are average values. 
Investigation results
The microstructure of the material used for anodisation -presented in Fig. 3a and b -reveals the presence of needle shaped primary silicon precipitates Siα ( Fig. 3c  and d) , of similar size for the AlSi8 and AlSi9Cu3 alloy, the mean value of the length is of ca. 100 µm, with a width of ca. 5 µm. However, the amount is higher in case of the AlSi9Cu3 alloy because of a higher Si content in the chemical composition of the alloy.
Metallographic observations of the surface layer crosssection of the anodized material show that the structure of the Al 2 O 3 anodic layer presented in Fig. 3f (AlSi9Cu3) exhibits much higher homogeneity obtained by pore anodization compared to that shown in Fig. 3e (AlSi8) . There has also been found an influence on the amount and size of discontinuities. The structure shown in Fig. 3e presents only a low amount of small pores and their arrangement is more regular. In general, it can be stated that a higher amount of silicon is not suitable for achievement of a alumina layer which is homogeneous, but on the other hand is more tightly adjacent to the aluminium substrate. For the AlSi8 alloy the silicon amount is slightly lower, but the layer itself is more homogeneous, much more thicker however the layer adheres not optimally to the substrate, so for applications where the substrate should be protected against external factors, as well as for food industry, however where pure mechanical protection is required, it is the better option compared to the AlSi9Cu3 alloy.
The thickness measurements reveal the value of 13.3 µm for the AlSi9Cu3 alloy and 26.3 µm for the AlSi8 alloy, also the standard deviation (Table III) , confirms that the layer obtained in case of the AlSi9Cu3 alloy is more uniform and homogeneous.
Based on the analysis of the abrasive wear test it was found that anodic treatment in general increases the abrasive wear resistance of the material. In general, the results are very similar, however the highest wear resistance was achieved for anodic layer with high thickness of 26.3 µm for the AlSi8 alloy. A partial removal of the coat was observed for all casts produced in high pressure die casting, where thickness of the coat is lower than 10 µm. The samples made of AlSi9Cu3 alloy present lower loss in mass, both for the anodised and non-anodised AlSi8 and AlSi9Cu3 alloy.
The results presented in Figs. 4 and 5 indicate that anodised samples of the AlSi8 and AlSi9Cu3 alloy are characterised by a lower loss in mass in comparison to the non-samples anodised by 72% and 83%, respectively. Also the hardness value is higher for the anodised elements, especially for the AlSi9Cu alloy with a value of 91 HRF, ca. 10% higher compared to the AlSi8 alloy. 
Conclusions
Based on the performed investigations the following issues can be pointed out:
• The investigated AlSi8 and AlSi9Cu3 cast aluminium alloys are in general suitable for anodic oxidation. In case of the AlSi9Cu3 alloy the obtained alumina layer is of lower thickness (13.3 µ m) compared to the AlSi8 alloy (26.3 µm), however the AlSi8 layer is of higher thickness homogeneity and more uniform, but reveals more pores.
• The test results of the wear investigation results show that anodised alloys, both AlSi8 and AlSi9Cu3, show less mass loss compared to nonanodized alloys. It can be seen that structure of the layer affects the abrasion resistance.
• Concerning hardness measurement it can be found that the hardness value does not corresponds to the thickness, but to the structure of the obtained layer. More homogeneous layer, in terms of lack of pores, influences more the layer hardness as the total layer thickness, the quality goes before the quantity.
